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using heated or thin-walled or air gap-insu-
lated tubing to minimize temperature dif-
ferences between the wall and the crankcase
emission constituents.

(2) Minimize the number of bends in the
laboratory crankcase tubing and maximize
the radius of any unavoidable bend.

(3) Use laboratory crankcase exhaust tub-
ing that meets the engine manufacturer’s
specifications for crankcase back pressure.

(4) Connect the crankcase exhaust tubing
into the raw exhaust downstream of any
aftertreatment system, downstream of any
installed exhaust restriction, and suffi-
ciently upstream of any sample probes to en-
sure complete mixing with the engine’s ex-
haust before sampling. Extend the crankcase
exhaust tube into the free stream of exhaust
to avoid boundary-layer effects and to pro-
mote mixing. You may orient the crankcase
exhaust tube’s outlet in any direction rel-
ative to the raw exhaust flow.

§1065.140 Dilution for gaseous and PM
constituents.

(a) General. You may dilute exhaust
with ambient air, synthetic air, or ni-
trogen that is at least 15 °C. Note that
the composition of the diluent affects
some gaseous emission measurement
instruments’ response to emissions. We
recommend diluting exhaust at a loca-
tion as close as possible to the location
where ambient air dilution would occur
in use.

(b) Dilution-air conditions and back-
ground concentrations. Before a diluent
is mixed with exhaust, you may pre-
condition it by increasing or decreas-
ing its temperature or humidity. You
may also remove constituents to re-
duce their background concentrations.
The following provisions apply to re-
moving constituents or accounting for
background concentrations:

(1) You may measure constituent
concentrations in the diluent and com-
pensate for background effects on test
results. See 8§1065.650 for calculations
that compensate for background con-
centrations.

(2) Either measure these background
concentrations the same way you
measure diluted exhaust constituents,
or measure them in a way that does
not affect your ability to demonstrate
compliance with the applicable stand-
ards. For example, you may use the fol-
lowing simplifications for background
sampling:

(i) You may disregard any propor-
tional sampling requirements.
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(i) You may use unheated gaseous
sampling systems.

(iii) You may use unheated PM sam-
pling systems only if we approve it in
advance.

(iv) You may use continuous sam-
pling if you use batch sampling for di-
luted emissions.

(v) You may use batch sampling if
you use continuous sampling for di-
luted emissions.

(3) For removing background PM, we
recommend that you filter all dilution
air, including primary full-flow dilu-
tion air, with high-efficiency particu-
late air (HEPA) filters that have an
initial minimum collection efficiency
specification of 99.97% (see §1065.1001
for procedures related to HEPA-filtra-
tion efficiencies). Ensure that HEPA
filters are installed properly so that
background PM does not leak past the
HEPA filters. If you choose to correct
for background PM without using
HEPA filtration, demonstrate that the
background PM in the dilution air con-
tributes less than 50% to the net PM
collected on the sample filter.

(c) Full-flow dilution; constant-volume
sampling (CVS). You may dilute the full
flow of raw exhaust in a dilution tun-
nel that maintains a nominally con-
stant volume flow rate, molar flow rate
or mass flow rate of diluted exhaust, as
follows:

(1) Construction. Use a tunnel with in-
side surfaces of 300 series stainless
steel. Electrically ground the entire di-
lution tunnel. We recommend a thin-
walled and insulated dilution tunnel to
minimize temperature differences be-
tween the wall and the exhaust gases.

(2) Pressure control. Maintain static
pressure at the location where raw ex-
haust is introduced into the tunnel
within 1.2 kPa of atmospheric pressure.
You may use a booster blower to con-
trol this pressure. If you test an engine
using more careful pressure control
and you show by engineering analysis
or by test data that you require this
level of control to demonstrate compli-
ance at the applicable standards, we
will maintain the same level of static
pressure control when we test that en-
gine.
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(3) Mixing. Introduce raw exhaust
into the tunnel by directing it down-
stream along the centerline of the tun-
nel. You may introduce a fraction of
dilution air radially from the tunnel’s
inner surface to minimize exhaust
interaction with the tunnel walls. You
may configure the system with turbu-
lence generators such as orifice plates
or fins to achieve good mixing. We rec-
ommend a minimum Reynolds number,
Re#, of 4000 for the diluted exhaust
stream, where Re* is based on the in-
side diameter of the dilution tunnel.
Re* is defined in §1065.640.

(4) Flow measurement preconditioning.
You may condition the diluted exhaust
before measuring its flow rate, as long
as this conditioning takes place down-
stream of any sample probes, as fol-
lows:

(i) You may use flow straighteners,
pulsation dampeners, or both of these.

(i) You may use a filter.

(iii) You may use a heat exchanger to
control the temperature upstream of
any flow meter. Note paragraph (c)(6)
of this section regarding aqueous con-
densation.

(5) Flow measurement. Section 1065.240
describes measurement instruments for
diluted exhaust flow.

(6) Aqueous condensation. You may ei-
ther prevent aqueous condensation
throughout the dilution tunnel or you
may measure humidity at the flow
meter inlet. Calculations in §1065.645
and §1065.650 account for either method
of addressing humidity in the diluted
exhaust. Note that preventing aqueous
condensation involves more than keep-
ing pure water in a vapor phase (see
§1065.1001).

(7) Flow compensation. Maintain
nominally constant molar, volumetric
or mass flow of diluted exhaust. You
may maintain nominally constant flow
by either maintaining the temperature
and pressure at the flow meter or by di-
rectly controlling the flow of diluted
exhaust. You may also directly control
the flow of proportional samplers to
maintain proportional sampling. For
an individual test, validate propor-
tional sampling as described iIn
§1065.545.

(d) Partial-flow dilution (PFD). Except
as specified in this paragraph (d), you
may dilute a partial flow of raw or pre-
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viously diluted exhaust before meas-
uring emissions. §1065.240 describes
PFD-related flow measurement instru-
ments. PFD may consist of constant or
varying dilution ratios as described in
paragraphs (d)(2) and (3) of this section.
An example of a constant dilution ratio
PFD is a ‘“secondary dilution PM”
measurement system. An example of a
varying dilution ratio PFD is a ‘‘bag
mini-diluter’” or BMD.

(1) Applicability. (i) You may not use
PFD if the standard-setting part pro-
hibits it.

(ii) You may use PFD to extract a
proportional raw exhaust sample for
any batch or continuous PM emission
sampling over any transient duty cycle
only if we have explicitly approved it
according to §1065.10 as an alternative
procedure to the specified procedure
for full-flow CVS.

(ifi) You may use PFD to extract a
proportional raw exhaust sample for
any batch or continuous gaseous emis-
sion sampling.

(iv) You may use PFD to extract a
proportional raw exhaust sample for
any batch or continuous PM emission
sampling over any steady-state duty
cycle or its ramped-modal cycle (RMC)
equivalent.

(v) You may use PFD to extract a
proportional raw exhaust sample for
any batch or continuous field-testing.

(vi) You may use PFD to extract a
proportional diluted exhaust sample
from a CVS for any batch or contin-
uous emission sampling.

(vii) You may use PFD to extract a
constant raw or diluted exhaust sample
for any continuous emission sampling.

(2) Constant dilution-ratio PFD. Do one
of the following for constant dilution-
ratio PFD:

(i) Dilute an already proportional
flow. For example, you may do this as
a way of performing secondary dilution
from a CVS tunnel to achieve tempera-
ture control for PM sampling.

(i) Continuously measure con-
stituent concentrations. For example,
you might dilute to precondition a
sample of raw exhaust to control its
temperature, humidity, or constituent
concentrations upstream of continuous
analyzers. In this case, you must take
into account the dilution ratio before
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multiplying the continuous concentra-
tion by the sampled exhaust flow rate.

(iii) Extract a proportional sample
from the constant dilution ratio PFD
system. For example, you might use a
variable-flow pump to proportionally
fill a gaseous storage medium such as a
bag from a PFD system. In this case,
the proportional sampling must meet
the same specifications as varying di-
lution ratio PFD in paragraph (d)(3) of
this section.

(3) Varying dilution-ratio PFD. All the
following provisions apply for varying
dilution-ratio PFD:

(i) Use a control system with sensors
and actuators that can maintain pro-
portional sampling over intervals as
short as 200 ms (i.e., 5 Hz control).

(if) For control input, you may use
any sensor output from one or more
measurements; for example, intake-air
flow, fuel flow, exhaust flow, engine
speed, and intake manifold tempera-
ture and pressure.

(iii) Account for any emission transit
time in the PFD system.

(iv) You may use preprogrammed
data if they have been determined for
the specific test site, duty cycle, and
test engine from which you dilute
emissions.

(v) We recommend that you run prac-
tice cycles to meet the validation cri-
teria in §1065.545. Note that you must
validate every emission test by meet-
ing the validation criteria with the
data from that specific test, not from
practice cycles or other tests.

(vi) You may not use a PFD system
that requires preparatory tuning or
calibration with a CVS or with the
emission results from a CVS. Rather,
you must be able to independently cali-
brate the PFD.

(e) Dilution and temperature control of
PM samples. Dilute PM samples at least
once upstream of transfer lines. You
may dilute PM samples upstream of a
transfer line using full-flow dilution, or
partial-flow  dilution immediately
downstream of a PM probe. Control
sample temperature to a (47 +5) °C tol-
erance, as measured anywhere within
20 cm upstream or downstream of the
PM storage media (such as a filter).
Measure this temperature with a bare-
wire junction thermocouple with wires
that are (0.500 +0.025) mm diameter, or
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with another suitable instrument that
has equivalent performance. Heat or
cool the PM sample primarily by dilu-
tion.

EFFECTIVE DATE NOTE: At 73 FR 37294, June
30, 2008, §1065.140 was revised, effective July
7, 2008. For the convenience of the user, the
revised text is set forth as follows:

§1065.140 Dilution for gaseous and PM con-
stituents.

(a) General. You may dilute exhaust with
ambient air, synthetic air, or nitrogen. For
gaseous emission measurement the diluent
must be at least 15 °C. Note that the com-
position of the diluent affects some gaseous
emission measurement instruments’ re-
sponse to emissions. We recommend diluting
exhaust at a location as close as possible to
the location where ambient air dilution
would occur in use.

(b) Dilution-air conditions and background
concentrations. Before a diluent is mixed with
exhaust, you may precondition it by increas-
ing or decreasing its temperature or humid-
ity. You may also remove constituents to re-
duce their background concentrations. The
following provisions apply to removing con-
stituents or accounting for background con-
centrations:

(1) You may measure constituent con-
centrations in the diluent and compensate
for background effects on test results. See
§1065.650 for calculations that compensate
for background concentrations.

(2) Either measure these background con-
centrations the same way you measure di-
luted exhaust constituents, or measure them
in a way that does not affect your ability to
demonstrate compliance with the applicable
standards. For example, you may use the fol-
lowing simplifications for background sam-
pling:

(i) You may disregard any proportional
sampling requirements.

(ii) You may use unheated gaseous sam-
pling systems.

(iii) You may use unheated PM sampling
systems.

(iv) You may use continuous sampling if
you use batch sampling for diluted emis-
sions.

(v) You may use batch sampling if you use
continuous sampling for diluted emissions.

(3) For removing background PM, we rec-
ommend that you filter all dilution air, in-
cluding primary full-flow dilution air, with
high-efficiency particulate air (HEPA) filters
that have an initial minimum collection effi-
ciency specification of 99.97% (see §1065.1001
for procedures related to HEPA-filtration ef-
ficiencies). Ensure that HEPA filters are in-
stalled properly so that background PM does
not leak past the HEPA filters. If you choose
to correct for background PM without using
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HEPA filtration, demonstrate that the back-
ground PM in the dilution air contributes
less than 50% to the net PM collected on the
sample filter. You may correct net PM with-
out restriction if you use HEPA filtration.

(c) Full-flow dilution; constant-volume sam-
pling (CVS). You may dilute the full flow of
raw exhaust in a dilution tunnel that main-
tains a nominally constant volume flow rate,
molar flow rate or mass flow rate of diluted
exhaust, as follows:

(1) Construction. Use a tunnel with inside
surfaces of 300 series stainless steel. Elec-
trically ground the entire dilution tunnel.
We recommend a thin-walled and insulated
dilution tunnel to minimize temperature dif-
ferences between the wall and the exhaust
gases.

(2) Pressure control. Maintain static pres-
sure at the location where raw exhaust is in-
troduced into the tunnel within * 1.2 kPa of
atmospheric pressure. You may use a booster
blower to control this pressure. If you test
an engine using more careful pressure con-
trol and you show by engineering analysis or
by test data that you require this level of
control to demonstrate compliance at the
applicable standards, we will maintain the
same level of static pressure control when we
test that engine.

(3) Mixing. Introduce raw exhaust into the
tunnel by directing it downstream along the
centerline of the tunnel. You may introduce
a fraction of dilution air radially from the
tunnel’s inner surface to minimize exhaust
interaction with the tunnel walls. You may
configure the system with turbulence gen-
erators such as orifice plates or fins to
achieve good mixing. We recommend a min-
imum Reynolds number, Re#, of 4000 for the
diluted exhaust stream, where Re# is based
on the inside diameter of the dilution tunnel.
Re# is defined in §1065.640.

(4) Flow measurement preconditioning. You
may condition the diluted exhaust before
measuring its flow rate, as long as this con-
ditioning takes place downstream of any
heated HC or PM sample probes, as follows:

(i) You may use flow straighteners, pulsa-
tion dampeners, or both of these.

(ii) You may use a filter.

(iii) You may use a heat exchanger to con-
trol the temperature upstream of any flow
meter, but you must take steps to prevent
aqueous condensation as described in para-
graph (c)(6) of this section.

(5) Flow measurement. Section 1065.240 de-
scribes measurement instruments for diluted
exhaust flow.

(6) Aqueous condensation. To ensure that
you measure a flow that corresponds to a
measured concentration, you may either pre-
vent aqueous condensation between the sam-
ple probe location and the flow meter inlet
in the dilution tunnel or you may allow
aqueous condensation to occur and then
measure humidity at the flow meter inlet.
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You may heat or insulate the dilution tunnel
walls, as well as the bulk stream tubing
downstream of the tunnel to prevent aqueous
condensation. Calculations in §1065.645 and
§1065.650 account for either method of ad-
dressing humidity in the diluted exhaust.
Note that preventing aqueous condensation
involves more than keeping pure water in a
vapor phase (see §1065.1001).

(7) Flow compensation. Maintain nominally
constant molar, volumetric or mass flow of
diluted exhaust. You may maintain nomi-
nally constant flow by either maintaining
the temperature and pressure at the flow
meter or by directly controlling the flow of
diluted exhaust. You may also directly con-
trol the flow of proportional samplers to
maintain proportional sampling. For an indi-
vidual test, validate proportional sampling
as described in §1065.545.

(d) Partial-flow dilution (PFD). Except as
specified in this paragraph (d), you may di-
lute a partial flow of raw or previously di-
luted exhaust before measuring emissions.
§1065.240 describes PFD-related flow meas-
urement instruments. PFD may consist of
constant or varying dilution ratios as de-
scribed in paragraphs (d)(2) and (3) of this
section. An example of a constant dilution
ratio PFD is a ‘‘secondary dilution PM”
measurement system.

(1) Applicability. (i) You may not use PFD
if the standard-setting part prohibits it.

(ii) You may use PFD to extract a propor-
tional raw exhaust sample for any batch or
continuous PM emission sampling over any
transient duty cycle only if we have explic-
itly approved it according to §1065.10 as an
alternative procedure to the specified proce-
dure for full-flow CVS.

(iif) You may use PFD to extract a propor-
tional raw exhaust sample for any batch or
continuous gaseous emission sampling.

(iv) You may use PFD to extract a propor-
tional raw exhaust sample for any batch or
continuous PM emission sampling over any
steady-state duty cycle or its ramped-modal
cycle (RMC) equivalent.

(v) You may use PFD to extract a propor-
tional raw exhaust sample for any batch or
continuous field-testing.

(vi) You may use PFD to extract a propor-
tional diluted exhaust sample from a CVS for
any batch or continuous emission sampling.

(vii) You may use PFD to extract a con-
stant raw or diluted exhaust sample for any
continuous emission sampling.

(2) Constant dilution-ratio PFD. Do one of
the following for constant dilution-ratio
PFD:

(i) Dilute an already proportional flow. For
example, you may do this as a way of per-
forming secondary dilution from a CVS tun-
nel to achieve overall dilution ratio for PM
sampling.

(i) Continuously measure constituent con-
centrations. For example, you might dilute
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to precondition a sample of raw exhaust to
control its temperature, humidity, or con-
stituent concentrations upstream of contin-
uous analyzers. In this case, you must take
into account the dilution ratio before multi-
plying the continuous concentration by the
sampled exhaust flow rate.

(iii) Extract a proportional sample from a
separate constant dilution ratio PFD sys-
tem. For example, you might use a variable-
flow pump to proportionally fill a gaseous
storage medium such as a bag from a PFD
system. In this case, the proportional sam-
pling must meet the same specifications as
varying dilution ratio PFD in paragraph
(d)(3) of this section.

(iv) For each mode of a discrete-mode test
(such as a locomotive notch setting or a spe-
cific setting for speed and torque), use a con-
stant dilution ratio for any PM sampling.
You must change the overall PM sampling
system dilution ratio between modes so that
the dilution ratio on the mode with the high-
est exhaust flow rate meets §1065.140(e)(2)
and the dilution ratios on all other modes is
higher than this (minimum) dilution ratio by
the ratio of the maximum exhaust flow rate
to the exhaust flow rate of the corresponding
other mode. This is the same dilution ratio
requirement for RMC or field transient test-
ing. You must account for this change in di-
lution ratio in your emission calculations.

(3) Varying dilution-ratio PFD. All the fol-
lowing provisions apply for varying dilution-
ratio PFD:

(i) Use a control system with sensors and
actuators that can maintain proportional
sampling over intervals as short as 200 ms
(i.e., 5 Hz control).

(ii) For control input, you may use any
sensor output from one or more measure-
ments; for example, intake-air flow, fuel
flow, exhaust flow, engine speed, and intake
manifold temperature and pressure.

(iif) Account for any emission transit time
in the PFD system, as necessary.

(iv) You may use preprogrammed data if
they have been determined for the specific
test site, duty cycle, and test engine from
which you dilute emissions.

(v) We recommend that you run practice
cycles to meet the validation criteria in
§1065.545. Note that you must validate every
emission test by meeting the validation cri-
teria with the data from that specific test.
Data from previously validated practice cy-
cles or other tests may not be used to vali-
date a different emission test.

(vi) You may not use a PFD system that
requires preparatory tuning or calibration
with a CVS or with the emission results from
a CVS. Rather, you must be able to inde-
pendently calibrate the PFD.

(e) Dilution air temperature, dilution ratio,
residence time, and temperature control of PM
samples. Dilute PM samples at least once up-
stream of transfer lines. You may dilute PM
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samples upstream of a transfer line using
full-flow dilution, or partial-flow dilution
immediately downstream of a PM probe. In
the case of partial-flow dilution, you may
have up to 26 cm of insulated length between
the end of the probe and the dilution stage,
but we recommend that the length be as
short as practical. Configure dilution sys-
tems as follows:

(1) Set the diluent (i.e., dilution air) tem-
perature to (25 + 5) °C. Use good engineering
judgment to select a location to measure
this temperature. We recommend that you
measure this temperature as close as prac-
tical upstream of the point where diluent
mixes with raw exhaust.

(2) For any PM dilution system (i.e., CVS
or PFD), dilute raw exhaust with diluent
such that the minimum overall ratio of di-
luted exhaust to raw exhaust is within the
range of (5:1-7:1) and is at least 2:1 for any
primary dilution stage. Base this minimum
value on the maximum engine exhaust flow
rate for a given test interval. Either measure
the maximum exhaust flow during a practice
run of the test interval or estimate it based
on good engineering judgment (for example,
you might rely on manufacturer-published
literature).

(3) Configure any PM dilution system to
have an overall residence time of (1 to 5) s,
as measured from the location of initial dil-
uent introduction to the location where PM
is collected on the sample media. Also con-
figure the system to have a residence time of
at least 0.5 s, as measured from the location
of final diluent introduction to the location
where PM is collected on the sample media.
When determining residence times within
sampling system volumes, use an assumed
flow temperature of 25 °C and pressure of
101.325 kPa.

(4) Control sample temperature to a (47 £ 5)
°C tolerance, as measured anywhere within
20 cm upstream or downstream of the PM
storage media (such as a filter). Measure this
temperature with a bare-wire junction ther-
mocouple with wires that are (0.500 + 0.025)
mm diameter, or with another suitable in-
strument that has equivalent performance.
The intent of these specifications is to mini-
mize heat transfer to or from the emissions
sample prior to the final stage of dilution.
This is accomplished by initially cooling the
sample through dilution.

§1065.145 Gaseous and PM probes,
transfer lines, and sampling system
components.

(a) Continuous and batch sampling. De-
termine the total mass of each con-
stituent with continuous or batch sam-
pling, as described in §1065.15(c)(2).
Both types of sampling systems have

858



